The Bonin Islands Honeyeater Apalopteron familiare is a passerine species endemic to the Ogasawara (Bonin) Islands, 1,000km south of the Japanese mainland. The male Bonin Islands Honeyeater has been thought to sing rarely, even in the breeding season. To determine whether or not males were poor singers, I examined the diurnal rhythm of singing activity and the distribution of singing males in Hahajima in early June 1991.
Introduction
The Bonin Islands Honeyeater Apalopteron familiare is a small passerine endemic to the Ogasawara (Bonin) Islands, which lie about 1,000km south of the Japanese mainland and have a subtropical climate. Although several populations have become extinct, the Bonin Islands Honeyeater is still common on Hahajima, the main island of the Hahajima group (e. g. OSJ 1974 , Morioka & Sakane 1978 , Higuchi et al. 1988 , Suzuki 1991 . The ecology and behaviour of this species have been studied by Yamashina (1934) , Morioka & Sakane (1978) , Higuchi et al. (1984) , BLEA (1985) among others. However, much of the life still remains to be investigated.
One of interesting but puzzling traits of the Bonin Islands Honeyeater is its poor singing activity. The males of this species have a melodious, bunting-like song lasting about 2 sec (e. g. Morioka & Sakane 1978 and Brazil 1991 for alphabetical descriptions; Higuchi et al. 1984 for sound spectrograms). However, despite the apparent presence of the song and the abundance of birds on Hahajima, ornithologists have rarely recorded its singing activity. For example, Yamashina (1934) stated that he never heard the male he kept in the aviary to sing and even doubted the information from one villager of Hahajima that Bonin Islands Honeyeaters sing a song like the White-eye's song. Morioka & Sakane (1978) recorded one male to sing in July (post-breeding season according to them), but they could not hear songs at all during their stay in May (breeding season). BLEA (1985) also recorded few singing males despite the intensive observation on this species.
On the other hand, Higuchi et al. (1984) recorded singing males many times. They reported that songs of the Bonin Islands Honeyeater were recorded from January to October and that the number of singing males observed per day increased slightly between March and July. The breeding season of this species is between March and July although it seems to vary slightly among years (Yamashina 1934 , Morioka & Sakane 1978 , Higuchi et al. 1984 , BLEA 1985 . Therefore the observation by Higuchi et al. (1984) suggests that males sing more frequently in the breeding season. But the number of singing males recorded per day is much less than one, indicating again the rarity of singing. Thus, male Bonin Islands Honeyeaters are now considered to sing at a very low frequency even in the breeding season.
I visited Hahajima in May-June 1990 and in March and June 1991 as a member of the research group for "The Second General Survey on Natural Environment of the Ogasawara (Bonin) Islands" organized by Tokyo Metropolitan University (Ono et al. 1991) . When I was accustomed to hear the song of the Bonin Islands Honeyeater, I noticed that it is not necessarily difficult to hear it even though the song occurs infrequently. I wondered why the song of this species was hardly recorded by the previous authors, and carried out a preliminary investigation to know whether males are truly poor singers. Although data are yet insufficient I report two aspects of singing activity (the diurnal rhythm of singing activity and the spatial distribution of singing males) in this paper, to draw investigators' attention to the song of this species.
Study Area and Methods
Observations were made in early June (late breeding season) in 1991, mainly at the paper I refer to a song of the Bonin Islands Honeyeater as a melodious unit lasting about 2 sec, which we can easily identify by ear (Morioka & Sakane 1978 , Higuchi et al. 1984 , Brazil 1991 . One song in this study is identical with one phrase in Higuchi et al. (1984) .
The diurnal rhythm of singing activity was studied in the Okimura village between 0330h and 1900h on June 9, 1991. It was a fine and calm day, and air temperatures in the The sunrise was at ca. 0435h and the sunset at ca. 1825h. I recorded the number of songs and the timing of singing to the nearest a second for two males which were not marked for individual recognition I observed occasionally the above-mentioned two males prior to more detailed study of the diurnal rhythm of singing activity. The two males appeared to have their own territories in the neighbouring secondary woods which were separated by a lodge and consisted mainly of introduced trees Leucaena glauca, Calophyllum inophyllum and Ficus microcarpa about 10 to 13m in height. Judging from the antagonistic behaviour between them, the boundary of supposed territories seemed to be situated along the lodge.
The two males sang in tall trees 5 to 30m away from the lodge and their song could be recorded easily from a veranda even when both males sang at the same time. The song of other males was hardly heard from the veranda. The male singing in the north side wood of the lodge is hereafter designated as male A and the other singing in the south side as male B. Males A and B sometimes accompanied another individual before and after singing, it being assumed to be a female though the sexes are morphologically alike. In addition, a pair of birds was sometimes observed foraging and/or moving together in each territory. Therefore males A and B were regarded as paired males. I could not determine their exact breeding stage, but they seemed to have nestlings. Incidentally, I observed five other males accompanying another individual soon after singing, six other groups consisting of adults and fledglings outside the study area.
As shown later, males A and B began to sing by 0410h in the morning. They both produced songs successively for more than 10min following the first song, which I denote as "song burst". During the time of the song burst it was difficult to count simultaneously the number of songs produced by both males. I estimated it using both the time spent for the song burst by each male and the number of songs per min delivered by male B on June 10.
To ascertain the normal occurrence of singing in male Bonin Islands Honeyeaters, the distribution of singing males was mapped in Okimura and in some other places of Hahajima between June 3 and 8, 1991.
The Okimura village is fragmentarily covered with trees and shrubs and is surrounded by the forested hills and valleys except the southern part which faces the sea. I walked along the road in Okimura between 0400h and 0700h in the morning of June 3, 4, 5, 7, and 8 and recorded the birds within 30m from the road while walking. In particular, singing males were carefully searched for. The searching time and place differed slightly among days.
I also mapped singing males along the road in other areas of Hahajima between 0800 h and 1430h, when I visited Mt. Chibusayama (June 5, cloudy), Kitamura (June 6, fine) and Minamizaki (June 7, fine). Fig. 1 shows the diurnal change of singing activity in males A and B. It was very similar between them, although male B delivered more songs than male A did (97 songs in male A and 132 in male B in a total). Both males began to sing at 0405h, about 30min before sunrise and still dark, on June 9. The time I heard their first song on other days was 0405h (June 4), 0410h (June 6), 0410h (June 7), 0406h (June 8) and 0406h (June 10). Another male also began to sing at 0403h on June 10. Incidentally, many, if not most, individuals of numerous, sympatric songbirds (the Japanese White-eye Zosterops japonica and the Japanese Bush Warbler Cettia diphone) did not sing before 0410h during the study period.
Results

1) Diurnal rhythm of singing activity
Males A and B sang successively for 12.2min and 14.2min in trees, respectively, following the first song. The average number of songs delivered in a minute during the song burst was 6.6 (S. D.=0.9, range=5-8, n=11) with about a 6-7 sec pause between successive songs, resulting in a large number of songs during the song burst. Ninety-one and 94 songs were delivered by males A and B, respectively, between 0400h and 0430h, which comprised 93.8% (91/97) and 71.2% (94/132) of total songs produced in one day. Males A and B almost ceased to sing after the song burst, in particular after 0500h. Though they sang sporadically in the daytime, the number of songs was small: male A delivered only 4 songs and male B did 21 songs between 0600h and 1800h. Singing activity seemed to increase slightly in the late evening, but the number of songs in the late evening was very small as compared with that in the early morning. The last song of male A was recorded at 1837h and that of male B at 1831h, several minutes after sunset. I did not hear any songs of the Bonin Islands Honeyeater at night.
2) Spatial distribution of singing males Fig. 2 shows the distribution of individual Bonin Islands Honeyeaters in the Okimura village. Singing males were well distributed over the Okimura village between 0400h and 0500h in the early morning ( Fig. 2a) , while they were observed infrequently after 0500h ( Fig. 2b) . As foraging and/or patrolling birds were seen here and there, most males seemed to cease singing after 0500h as did males A and B. These results show that active singing early in the morning was not restricted to particular males. It was a rather normal phenomenon in this species at least in the study period. Fig. 3 shows positions of singing males recorded along the road in the daytime. Singing males were well distributed on Hahajima and were not confined to the Okimura Singing Activity of the Bonin Islands Honeyeater Apalopteron familiare (Passeriformes, Meliphagidae) village with very artificial environments. On route A, two males were observed to sing successively for more than three min at different sites on the way from Okimura to Kitamura. On the return way, two males were also observed to sing for more than three min at the same sites. They could be the same males. There were no other sites where singing males were recorded twice on the round trip.
Of 29 singing males recorded along the road in the daytime during the study period, 12 (41.4%) males delivered one song, six (20.7%) males two songs and 9 (31.0%) males three to four songs. Thus, most males delivered few songs at one time as found in males A and B in the daytime. When males delivered one or two songs, the sound was usually weak.
Discussion
The song of male birds is generally used for female attraction and/or intrasexual In contrast to many other songbirds, the Bonin Islands Honeyeater has been Fig. 3 . Distribution of the singing males of the Bonin Islands Honeyeater recorded on three routes on Hahajima in early June 1991. Route A, ca. 10km from Okimura to Kitamura, between 0817h and 1400h on June 5; Route B, ca. 7km from Okimura through Chibusayama to Okimura, between 0815h and 1400h on June 6; Route C, ca. 6km from Okimura to Minamizaki, between 0840h and 1430h on June 7. considered to sing rarely even in the breeding season (e.g. Morioka & Sakane 1978 , Higuchi et al. 1984 , BLEA 1985 . But there has been virtually no careful observation on the singing activity of this species. This study showed that two male Bonin Islands Honeyeaters in the Okimura village sang actively very early in the morning in early June. They sang vigorously between 0400 h and 0430h in the morning. Spatial distribution of singing males in the Okimura village indicates that most, if not all, males sing in the early morning in early June.
On the contrary, the two male Bonin Islands Honeyeaters sang very rarely in the daytime. They produced four and 21 songs, respectively, between 0600h and 1800h (12 hours) on June 9. As a duration of one song is only about two sec in this species (Higuchi et al. 1984, Suzuki pers. obs.) , the total time spent is far less than one min each. Even when we use the value of 0.15 (=1/6.6) min per song, the two males spent only 0.6 and 3.2min, respectively, corresponding to 0.08 and 0.44% of the daytime (12 hours). When most males of this species sing infrequently in the daytime as the two males did, singing males would be rarely observed in the daytime despite the abundance of males capable of singing. This is doubtless a main reason the Bonin Islands Honeyeater has been considered to sing rarely.
To summarize, one of the characteristics of singing behaviour of the Bonin Islands Honeyeater appears to sing vigorously in the early morning before the sunrise and sporadically in the daytime at least in early June and probably in the breeding season in general.
Singing activity of the Bonin Islands Honeyeater has received less attention, probably because the song of this species is rarely recorded in the daytime. Here I speculate the function of singing in this species to stimulate the further study of the singing behaviour of this species, under the presumption that males sing actively in the early morning but rarely in the daytime throughout the breeding season.
The pair bond of the Bonin Islands Honeyeater persists throughout the year and a pair has a territory in the breeding season (Higuchi et al. 1984 , BLEA 1985 . It is likely that the song burst by the paired male in the early morning is used for advertising the presence of the territory owner to other males, rather than for attraction of females, unless it is used to attract a second female. As there seem many independent young males in the late breeding season (June and July), it is also probable that territory owners advertise their presence particularly to those young searching for vacant habitats in the season. Paired males sing sporadically in the daytime. However they seem not to actively use the song for the territorial advertisement in the daytime, because the song is rarely recorded in the daytime throughout the year (Morioka & Sakane 1978 , Higuchi et al. 1984 , BLEA 1985 . Intead of singing, physical aggression and/or alarm calls seem to be used to deter other males from invading their territories in the daytime during the breeding season. Such behaviours seem to be well developed in this species (Morioka & Sakane 1978 , Nakane 1989 .
Paired males appear to sing in the daytime primarily to advertise their presence to mates missed temporally or permanently. Some occasional observations indicate this possibility. In March 1990, as an example, one supposedly paired male was observed to deliver four songs from a shrub while missing his companion, which entered the neighbouring territory over a road and returned three min after (Suzuki pers. obs.) .
Unmated males of this species appear to sing often in the daytime not only in the breeding season but also in the non-breeding season (BLEA 1985, H. Higuchi pers. comm.) . They may sing actively to attract females in the daytime as well as unpaired males of other passerines (e.g. Catchpole 1973 , Nakamura 1991 , Spector 1991 . It is plausible that two remarkable singers on route A were unmated males.
As speculated above, male Bonin Islands Honeyeaters possibly sing primarily against male competitors in the early morning and for contacting females in the daytime during the breeding season. Although the further study is needed to ascertain it in this species, such temporal separation of song function is known in passerine birds such as the Reed Warbler Acrocephalus scirpaceus (Catchpole 1973) and the Yellow Warbler Dendroica petechia (Spector 1991) . Anyway, for better understanding of the social behaviuor of the Bonin Islands Honeyeater, much of the singing activity involving the seasonal change of the song burst in the early morning is hoped to be investigated.
